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Infrastructure Overview

Processes Central to Planning and Scheduling System
* Resource Model
- Models components of P&S system
« Data Distributor
- Distributes modeling data

Includes Common Portions of P&S Processes
 DMS Interface
- Interface between P&S processes and FOS database
* FUI Interface
- Interface between P&S GUI processes and FOS User I|-F
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Resource Model Design

Heart of Planning and Scheduling Software
Models Resources and Their State Through Time
* e.g., MODIS instrument and its mode configurations
Performs Constraint Checking
Handles Scheduling Requests by Allocating Activities Against Resources
Acts as Server to Other P&S Client Processes

Resource Model Consists of Many Subcomponents
 Resources and states
» Activities and plans
« Schedulable resources
* Client interface and messages
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Resource Model Design (cont.)

Design Based on Delphi Resource Model Design
e Delphi COTS provides over 10,000 lines of code

Stores and Retrieves main Scheduling Data From FOS Database
* Resources, states, activities obtained from DB at startup
* Reports can be generated using DMS Report Generator

Combines Model and Rule-based Mission Scheduling
» Constraint modeling based on Delphi product
- Completely flexible to handle any constraint
- Multi-mission extensibility
* Rule-based temporal constraint checking added
- Generically handles most constraints
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Resources and States Design

Resources Include Mission Planning Domain Modeling
» Subscribable, e.g., CERES, MODIS, MISR, MOPITT, ASTER
« Consumable, e.g., power subsystem, SSR buffers

» Informational, e.g., TDRSS and AM1 spacecraft, WOTS, GN, DSN
ground stations

Resources Contain State Through Time
* Instruments contain modes/configurations of operation
 Consumable resources contain values through time
- e.g., power available, solid state recorder pointer positions
 EOS spacecraft contain orbit events
« TDRSS and ground stations contain visibility periods
» All resources can have constraint states, e.g. power exceeded
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Resources and States Design
(cont.)

Derived ECS Specific Resource Classes Contain Added Behavior
* Inter-resource associations
- Instruments with S/C subsystems (power, SSR buffers)
* High gain antenna slew rate determination algorithms
» Solid state recorder (SSR) buffer size and pointer position limits
* Power subsystem wattage usage limits

Considerable Amount of Resource and State Code Obtained From Delphi
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Activities and Plans

Activities are Resource Configurations for a Specified Time Period
e e.g., MODIS will perform a night imaging activity for 2 hours

Activities Have Associated Activity Definitions Specifying the Commands
that Caused the Configuration

Within the Resource Model

» Scheduling activities cause resource state changes

« Constraint violations are identified during activity scheduling
Resource Model manages pool of activities

Plans are Objects Representing a Collection of Activities Scheduled
Against Resources Over Time

Multiple Plans Exist Simultaneously in Resource Model
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Schedulable Resources

Certain Resources in Resource Model can be Scheduled
e |Instruments: CERES, MODIS, MISR, MOPITT, ASTER

* High gain antenna, Omni, Direct Access System for communication
contact scheduling

Activities Scheduled Against Schedulable Resources
Non-schedulableResources Provide Needed State Information
« AM1 S/C - orbit events, TDRSS S/C - availability

Design Includes Schedulable Resource Objects Containing Behavior for
» Determining constraint violations
» Creating resource states as a result of activity allocation

Extensible to Handle Resource Specific Constraint Checking
* High gain antenna slew rate constraint check
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Client Interface and Messages
Design

Interface Handles Messages From Resource Model Clients

» Clients include all P&S tools except activity, BAP and constraint
definer configuration Tools

Resource Model Server Interface Consists of Client Requests For
« Data from Resource Model (resources, activities etc.)
 Modeling data modification

- Plan creates, deletes, access updates

- Activity scheduling, unscheduling, resource state update
« Data storage and retrieval from FOS database

- Opening, saving plans
* Notification when modeling data changes

- Timeline request for state updates for display
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Client Interface and Messages
Design (cont.)

Design Consists of a Server Object, Client Object and Messages Passed
» Large portion of interface obtained from Delphi

Resource Model Client Catalog Keeps Track of Clients
« Allows any number of client processes
» Keeps track of clients interested in model updates

Client Interface Object Reused Among all Client Tools
* Single “plug-in” object to interface with the resource model

Messages Containing Client Request Passed via IPC

 Resource Model receives message, processes it, dispatches
Response back to client
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Sample Resource Model Client

e I

FpRmPoolEnviron

TYWantACIPGO! : it
myWantPlanPool - int
mywantRsPool : int
myWantActDefPool : int
myWantBAPDefPool  : int

PIANPOOI0 + RPIANP OO
createPlanPool() : int
actPool() : RACtPoOI*
createActPool() :int
resourcePool() : RRsPool*
createRsPool() : int
actDefPool() : FpACACtDefPool*
createActDefPool() - int
bapPool() : FPACBAPPOOI*
createBAPPool() :int

initQ) :int

wantActPool(int) : int
wantActPool()  int
wantPlanPool(ing) : int
wantPlanPool() : int
wantRsPool(int) : int
wantRsPool() : int
wantActDefPool(int) : int

Object Model
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FpCISrmNoid

mySrm _: HAddress*
mySrmHost : HString
mySrmName : HString
myAsync :int

IO - nt
async(int)  int
async() : int
useConn(HMsgConn*)
ccnnSnumown(HMsgConn'HAddress‘) int
requestintrsts(HObjLIst)
requestintrstsAdd(HObList?) ~ : int
requestintrstsRem(HODijList") - int
requestActNew(RActivity”) — int

requestActDel(int) : int

reduesACIChg(RACIViL)  int

requestAct(ing i

requestActLock(int, RAI\') int

requestRs() : int

requestRs(int) : int

requestRs(const char®) ~: int
requestRsType(const char?) - int
requestRsState(const HEpochinterval&,const char*,con:
requestPlanNames(HVList?)

5

51

st char*) int

poiivversaeibed IR = cors . requeskF‘\anNew(consAchar“H\/Lvs(') int v
wantBAPPool(int) : int v - ist?) int
HMsgAgent 1 Teauostbianbeleonss shary
wantBAPPooI() : int
1 FequeatblanGopy(const char const chart HEpoehintervaly - int
~FPRmPooIENViron() T myAdr : HAddress T e char comat
operator =(const Fpi P +  myConnections  : HObjList +  reques char~.const I RAGiNi” const char) it
+ chart.const int, t
FpRmPoolEnviron) e o it + chart const it inc
. chart,const Jntin int
* {gguesiAliocMoya(intintini.const char,cons char" const HEpochintervaldconst : int
= HEpochintervaid, int)
. char.const _HObjList)  :int
FpBdappl + establishinterest() : int
T myEnviron : FPRmPoOIEnviron® +  dispatchRequest(HMessage?)  int
+ myAgent :FplpAgent' = NULL +  requestwWorked(SMsgStar) : int
+  mySrmNoid : FpBdSrmNoid* = NULL +  connEstablished() : int
= connieesiabisheq) -
T FPEAAPRIO : fre .s‘erwn
+  FpBdAppl(const FPBAAPPIE) HM
+  operator =(const FpBAAPPIZ) : FPBAAPPI& H fsac ofs: g
+  —FpBdAPPIO |ecn sodor es: .
+inig :int : handleCI\Acuve(HMsgccnmHAddress'SMsgChAcnve
+ run0 :void 5 handieClinusia(HMagonn- HAddresar SMegClimrsta® - int
& initCommunications() : int = : gConn®, int
& createMyEnviron() : int : onn, int
+ createAgent() :int FplpAgent + ¢ or\r\" HAddress sint
+  createMySrmNoid() :int Ty AGenTHandIer T HNSSIorand + onn*, HAddress*, SMsgPlanNew‘) int
+  printverbage() +  installPlanNew(const char',HVList")
+  printFlags( T GoCremeronl it + onn*, X lear)  :int
+  createAgentSigHand() : int : lear(const char* HVList)  :int
+ croateNameServer() : it +  handlePlanDel(HMsgConn*, HAddress*, SMsgPlanDel)  : int
+  estCor + nstalPlanDelconstchary ot
T CremtolosiEntties0 < int + * HAddress®, int
. > 5 InstaliPianCopytcons: ahar conat char-iiEpochintorsary . int
+  operator =(const FpIpAgent&)  : FpIpAgent& + p(HMsgConn*, 1< int
+  FplpAgent(const FplpAgents) + gConn*, SMsg int
+  FpipAgent) + onn, int
+ onn*, HAddress*, hecks) int
+ gConn* HAddress*, ) it
+ gConn*, : int
: onn, : int
: Upd(HMsgConn, : Upd  int
+  installAllocUpd(RUPdAIlocAbs®) - int
+ handleStateUpd(HMsgConn*.| HAﬂﬂress" SMsgStateUpd*) int

706-CD-002-001 Day 2

FRCISTmNoId0
ppclymm.n(mnsn FpCISrmNoid&)
ator =(const FpCISrmNoid&)
R pcISmNoid0
requestPlanPool() : int
requestActDefPool()  int
requestBAPDefPool() - int

char*, Fpi int

hg(const char*, Fpl int

I t chart, Fp )y cint
requestPlanNew(RPlan®) : int
requestblanPoo(HObCallection)  Int
requestLockModify(const char' int, const HEpncthme&) int
requestActDefNew(FpAcActivityDefinition*)
requestActDefChg(FpAcActivityDefinition*) int
requestActDefDel(FpAcActivityDefinition*) it

requestBAPDefNew(FpACBAP?)  : int
requestBAPDefChg(FPACBAP®) - int

N N T

requestBAPDefDel(FpACBAP®)  : int
char*,const tint int
char*,const inting - :int

Epochinterval&, int)

HEpochinterval&, int,

+

char*,const
chart,const

.int,RActivity*,const char®)
Jint,RActivity* int,const

chart)
requestActSehed(const char* RActSched const char) : int
requestActPool()
requestRsNms()
requestPlanSave(const char?)  : int
requestPlansave() : int
installPlanNew(const char*,HVList*) ~ : int
establishinterest() : int
gConn*, g int

p(HMsgConn*,

handleActDs p(HMsgConn ¢ : g int

int
handleActSchedRap(HMsgConn+ HAddTess smsgAustqsr) int
P onn* HAddress* SMsg int
onn*HAddress*, Yy rin
installActNew(RACtivity*) : int
installActPool(HObjCollection®)  : int

PHE A AR R A AR Rt

requestAliocMove(int.int,int,const char,const char*,const HEpnchlnterval& const

feguestaliocMove(intintint,const char*,const char*,const HEpochintervalg. const
int)

+ char",cnnsr tint,const chart) int
+ char*,const int.int,const char*) int
* requestAliocRgst(const int
ar* HObjCollection& HObjCollection&, HObjCollection&,const char*)
+ rpqupsmﬂnnpqsn(mns« int
chart HOb|Collection&, HObjCollection&, HObjCollect t,const char*)

int

=]
FpBdSrmNoid
~ myAppl : FpBAAPPI*
+ FpBdsrmNoid(FpBAAppIY)
+  FpBdSrmNoid(const FpBASrmNoid&)
+  ~FpBdSrmNoid()
+  connEstablished() : int
+  FpBdSrmNoid()
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Data Distributor Design

Process to Distribute Resource Model Updates Throughout the System
» Sending scheduling data between Resource Models
» Geographically distributed IST’s and ICC’s

» Heterogeneous network of major UNIX platforms (SUN, DEC, SGl, HP,
IBM)

P&S Session Will Run Resource Model and Companion Data Distributor
 Resource Model saves to database propagated by Data Distributor

- Examples include plan saves, new BAP definitions

Resource Model Gets Initial Data From FOS Database
Resource Models Kept Concurrent by Updates From Data Distributors
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Data Distribution Diagram
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Data Distributor Design (cont.)

Based on Heritage Design Used on Other Project
 DOD program had 60-100 users
Improvement Over previous Designs
* Previous design caused performance problem
Resource Model free from Distribution Duties to Other Resource Models
» Client tool processes get quicker response
Unrestricted Sistribution Architecture
* Extensible to many users
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DMS Interface

Interface Between P&S Processes and Database Management Subsystem
» Allows P&S processes to store, retrieve, modify persistent data
« Data stored in configuration files and tabular format

Design Includes
« Configuration file interface inherited from Delphi base class
- Delphi layer provides basic file open, setup, parsing
» Table data access using extractor and updater objects
- P&S processes choose extractors and updaters needed
- Provides modularity
» Basic database connection and access using DBTools COTS
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DMS Interface Object Model

=
FpDbActDefExt
— myConn : DbConn * = NULL
+ FpDbActDefExt()
+ FpDbActDefExt(const FpDbActDefExt&)
+ ~FpDbActDefExt()
+ operator=(const FpDbActDefExt&): FpDbActDefExt&
+ extractDefs() : int FpDbActDefExt
+ queryForDefs() : int 5 - —
+ makeDefs() : int ? myConn: DbConn * = NULL
T FPDDACIDEIERTY
+ FpDbActDefExt(const FpDbActDefExt&)
+ ~FpDbActDefExt()
+ operator=(const FpDbActDefExt&) FpDbActDefExt&
+ extractDefs(): int
BEd + queryForDefs()' int
EnDhBAEDe’ fEXT
— myConn : DbConn * = NULL
+ FpDbBAPDefEXt()
+ FpDbBAPDefExt(const FpDbBAPDefEXt&)
+ ~FpDbBAPDefEXt()
+ operator=(const FpjbBAPDefExt&): FDBIBAPHOERExt&
+ extractDefs() : int 2 myConn: DbConn * = NULL
+ queryForDefs() : int
+ makeDefs() : int + FpDbBAPDefEXt()
i EnDhRAPDefEXi(canst EnDBRADDfEYIL)
+ ~FpDbBAPDefEXxt()
+ operator=(const FpDbBAPDefExt&)FpDbBAPDefEXt&
+ extractDefs(): int
+ queryForDefs(): int
+ makeDefs(): int

FpDbConstraintExt

myConn : DbConn * = NULL

(T T T

FpDbConstraintExt()
FpDbConstraintExt(d

~FpDbConstraintExt{)
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=)
FpDbDASEXt
— myConn : DbConn * = NULL
+ FpDbDASEXxt()
+ FpDbDASEXxt(const FpDbDASEXt&)
+ ~FpDbDASEXxt()
+ operator=(const FpDbPlanExt&): FpDbDASEXxt&
+ e)ﬁﬁmm@dules() |nt
- S chackl et
?  myCon :%bco'??lakggléhedules() int
+ FpDbDASEXT)
+ FpDbDASExt(const FpDbDASEXt&)
+ ~FpDbDASEXt()
+ operator=(const FpDbPlanExt&) FpDbDASEXt&
+ extractS ules(): int
+ queryF edules(). int
+ makeSdieaures(): mt FpDbPlahExt
— myConn : DbConn * = NULL
+ FpDbPlanExt()
+ FpDbPlanExt(const FpDbPlanExt&)
=+ ~Cr\thlnnI: sTAY
+ opeRAtheRdonst FpDbPlanEx&): FpDbPlanExt&
2 myConr|: BbCorm RS0 - Mt
+ queryForPlans() : int
+ FpDbPIgnExt() makePlans() : int
+ FprPI nExi(const ConbDl |=VZTAY
+ ~FpDbPlanExt()
+ operator=(const FpDbPlanExt&) FpDbPlanExt&
+ extractPlans(): int
+ queryForPlans(): int
+ mﬁlans(): int

FpDbCommandExt

myConn : DbConn * = NULL

+

FpDbCommandExt()

EpEbgo‘F\straintExt

+ H

marc HLCONSU FPDDCTCOITITT
~FDI§E‘§bomrﬂ'1§ Xt

hNdExt&)

operator=(const FpD|

b € omg@amtBba&a ‘FPbIConstraintExt&

it

-~

myCol n:Dmem—:'ranmL:t(const FpDbCommandExt&);

extractCommandsO——int

FpDbCommandExt&

extractConstraints() :
q ueryForConstraints
makeConstraints() :

)+ irfgPDbConstraintExt()
ihi FpDbConstraintExt(const FpDbConstraintExt&)

~FpDbConstraintExt()

Operator=(const FpDbConstramExt&)F pDbConstaintexi&
extractConstraints(): int

queryForConstraints(): int

makeConstraints(): int

o+ ]+

o+

FpDb! o@ﬂan ForCommands() : int
roongonmani e LR e

~FpD Comman

operator=(const FpDbCommandExi&)FpDbCommandEXi&
extractCommands(): int

queryForCommands(): int

makeCommands(): int
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FUI Interface

Interface Between P&S GUI Processes and FOS User Interface
Allows Integration of P&S Tools Into FUI Toolkit
P&S Tools Behave Similarly to All FOS Tools

» Handles toolkit room and window tiling capability

From User Perspective Integration is Seamless

Simple, Single Class Interface Added to P&S Processes
* Plugging in one class will integrate P&S tools
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FUI Interface Object Model

E COTs

HMsgAgentNs

HMsgAgentNs

COTS

=]

FuHIHelpWin
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COTs
provides help file viewing DAppl
COoTs
| FuHiiFelpwin II provides help file viewil | DAppl
E COTs
FplpAgent coTs DWindow
Fpipaggnt__| DWindow

il

EpUiCliNoid

[==2]
FpUiMsgAgent |

+ myClient : HAddress * = NULL T Al
+ myParent : FURmPageMng * = NUlL+ myClient: HAddress * = NULL

= __myParent: FuRmPageMng * = NUL
+ FpUiMsgAgent(FuURmPageMng *)
+ FpUiMsgAgent(const FpUiMsgAgen{ &) FPUIMsgAgent(FuRmPageMng *)
+ ~FpUiMsgAgent() i FpUlMsgAgent(cunsl FpUiMsgAge
+ 9[_)erato_r=(const FpUiMsgAgent) : gu % %g—%rgfég‘FpUiMsgAgem):ph
+ initQ) :int + |r\|1() int
+ sendMoveResize(int x, int y, int widtl mmeslzéﬂﬁt X, inty, int wid
+ sendRaise() :int + sendRaise(): int
+ sendLower() :int +  sendLower(): int
+ sendlconify() :int + sendIconify(): int
+ sendQuit() :int + sendQuit(): int
+ dispatchMessage(HMessage *msg) | % irfispatchMessage(HMessage *msg)
+ handleMessage() :int + handleMessage(} int

myldentit

&)
j— sends/recei

MsgAgent &

, int heighit

F=SeNiSRR8 0% nessage

bR |+‘|1+ BRI

tmynddpntipnént = PiString
*mmﬂh‘é@ﬁ H$‘I’E§r|ng
‘HO s * = NULL
é ULL NULL
arent.

%@gg f&ﬁaﬁg FAee FALSE
AR

Y intiE 6
+MMIMHSahht = Nt = 0
+MyWIRWthnt =t =
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